RADAR INVESTIGATIONS OF EUROPA, GANYMEDE, AND CALLISTO
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The radar cchocs {rom Furopa, Ganymede, and Callisto arc
extraordinary. 1t has been known for 15 ycars that thesce obhjecls!
radar roflectivitices dwarf values reported for comets, the Moon,
the inner plancts, and nonmetallic asteroids. When the radar
{ransnission is circularly polarized, the icy satellites return
cchoes with the incident handedness preserved, in contrast with the
boehavi or o: ol her target s . Al the principal Arccibowavelength of’
13 c¢m, the! circular polarizationralio llg, of ccho power in the
same sen se of ¢l rcular polarization as U ransmi tied (the SC sensc)
tc) that in t he opposit ¢ (0OC) sense, is about 1. 5,1, 4, and 1. 21 or
Furopa , Ga 1ymede anti Calli sto,buti sonly ~0. ] for theMoon and
less than 0.4 for most other planctary radar targets. The lincar
polarization ratio (Jly, = 01./S1) is about onc half for all threce
salellites, again considerably Jarger than for other targets. The
satellites' 13- cm radar alboedos incrcasce {rom Callisto to Ganymoede
{o FMuropa, whosc OC radar reflectivity is the same as that of a
metal sphere.  7The satellites' albedo distributions overlap. The
most prominent radar fcatures arce tentatively identified with
Galilco Regio and the Valhalla basin. Wavelength dependence in He
and albedo is negligible from 3.5 1o 13 cm and, at Jecast for ¢,
possibly through 70 cm. Fvidence for Jg features is lacking,
excopt for indications of a wcak hemispheric asymmetry for
Callisto.

Ostroet al. (1) summarizedthe hist oryof radar obscrvati On s
of the satellites, reportedresult S of Arcecibo/Gol dst one
obscrvatli ons during 1 987- 91, and revicwed eff Orl s {o undc!rst.anti t he
¢l ect romagnetic scal tering process responsibl ¢ for the unusual
cchoes. The i cysatellites' cchoes are due nol 1 0 ext ernal surface
reflect i onsbut t o volume Scattering fromwit hintheregoliths,
Thehigh radar t ransparency of icecomparedwith that. of sil i cat es
poermi ts deeper radar soundi ng, 1 onger phot on path 1 engt hs, anti
higher-order scat tering from regol it h het erogened ties (2.); radar
i s sccirrg Kuropa, Ganymede, and Callist oi n a manner t hattheMoon
has never boeen se ¢ n . A's suggest ed by Hapke (3), thesatellites
rad ar beh avi or @appar ent 1y i nvol ves the ¢ohe rent backscat ter ef fect
(4-9). Intersatellilcandint rasatellite f ractional variationsin
alb cdo grea L1 y excecedvariationsinllg; thisi sconsistent wit h
predictlionsof coherent ba ckscat ter t heoryandinplies t hat albedo
mi ght beca crude i ndi catorofrclat ive silicae abund ance .

There are sini lari t iesbhetweentheicyGalileansat ellilog?
radar properties anti t hose of the radar- bright pol ar caps on Mars
and Me r cury . Most recently, Rignotetal . (10) have! report cd
ai rborne radar i mages Of thepercolationzone I ntheGreenl and i co
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sheool thal reveal dcy terrain with radar properties similar to
those of the icy Galilecan satltcellites. However, thoe detailed
subsurface configuration in thce Greenland zone, wherc
heterogeneitices are the product of scasonal melting and refrecring,
arc unlikely Lo rescmble Lthose on the satellites. Hoence, a varicly
of natural subsurface configurations apparently can yield exolic
radar signaturces. Still, the Greenland percolation zonco
constitules a uniquely accessible, natural laboratory for studying
relations between subsurface configurations and unusual radar
scattering processces.

Radar obscrvations of the satellites have just boegun Lo
producce dynamically useful results. Kstimates of 1987- 91 echo
bDoppler frequencices showed Callisto Lo be lagging its ephemeris by
an average of 200 4 50 km. Arccibo 1992 obscrvatltions of Ganymedao
and Callisto (11) yielded the first successful radar ranging
measurements Lo the satcllites. Both objeccts showed roundirip
time- delay residuals of order 1 mscce relative Lo predictions basod
on the k-3 ephemeris. FErrors in the predicted along- track
positions (orbital phascs) can account for most of the residuals:
Ganymcde led its cphemeris by 122 km and Callisto lagged its
cphemeris by 307 km, with uncertaintices of order 10 km. Tho results
of these pilot experiments suggestl. Lthatl radar ranging with upgraded
telescopes could be usceful for long-term monitoring of satellite
orbits,

Fchoes obtainable with the upgraded Arccibo will be ncarly
twenly times sironger than any oblLained so far. 7The next Jdupiter
opposition within the Arccibo declination window occurs in 1999,
Mcanwhile, bistalic radar imaging with Goldstonc and the Very large
Array should be attempted (Lo refine estimates of radar features'
source regions) and monostatic Goldstone ranging experiments
shoul d be conduc ted on allt hree satel 1l ites .
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